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(57) Abstract 



A nozzle for improving the atomisation quality of fuel flowing from a fuel injector and toward the combustion chamber of an internal 
combustion engine includes a supply plate (140) having a supply orifice (144) through which the fuel flows. The supply plate (140) 
includes a circumferential edge section (141, 142) fonning an acute angle of less than 90° for defining a narrowed cross section within 
a downstream section of the supply orifice (144) for generating downstream turbulence in the fuel flowing adjacent thereto. A metering 
plate (120) is spaced from the supply plate so as to define therebetween a turbulence cavity (160) for con tainin g therein at least a portion 
of said downstream turbulence from the supply plate. The metering plate (120) includes therein at least one metering orifice (124, 134) 
through which the fuel from the turbulence cavity is expelled. The metering plate (120) further includes a circumferential edge section 
having an acute angle of less than 90° for defining a narrowed cross section within an upstream section of the metering orifice (124, 134) 
for generating downstream turbulence in the fuel flowing adjacent therethrough. The circumferential edge of the exhaust plate is offset in 
the direction of fluid flow by a distance y and offset in a direction generally perpendicular to the direction of fluid flow by a distance x* 
with the ratio of x/y being greater than 0.5 in order to minimise the S outer mean diameter of atomised fuel injected therethrough. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States 
applications under the PCT. 



AT 


Austria 


AU 


Australia 


BB 


Barbados 


BE 


Belgium 


BF 


Burkina Faso 


BG 


Bulgaria 


BJ 


Benin 


BR 


Brazil 


BY 


Belarus 


CA 


Canada 


CF 


Central African Republic 


CG 


Congo 


CH 


Switzerland 


CI 


Cote d' I voire 


CM 


Cameroon 


CN 


China 


CS 


Czechoslovakia 


cz 


Czech Republic 


DE 


Germany 


DK 


Denmark 


ES 


Spain 


FI 


Finland 


FR 


France 


GA 


Gabon 



party to the PCT on the front pages 



GB 


United Kingdom 


GE 


Georgia 


GN 


Guinea 


GR 


Greece 


HU 


Hungary 


IE 


Ireland 


IT 


Italy 


JP 


Japan 


KE 


Kenya 


KG 


Kyrgystan 


KP 


Democratic People's Republic 




of Korea 


KR 


Republic of Korea 


KZ 




LI 




LK 


Sri Lanka 


LU 


Luxembourg 


LV 


Latvia 


MC 


Monaco 


MD 


Republic of Moldova 


MG 


Madagascar 


ML 


Mali 


MN 


Mongolia 



pamphlets publishing international 



MR 


Mauritania 


MW 


Malawi 


NE 


Niger 


NL 


Netherlands 


NO 


Norway 


NZ 


New Zealand 


PL 


Poland 


PT 


Portugal 


RO 


Romania 


RU 


Russian Federation 


SD 

SE 


Sudan 
Sweden 


SI 


Slovenia 


SK 


Slovakia 


SN 


Senega] 


TD 


Chad 


TG 


Togo 


TJ 


Tajikistan 


TT 


Trinidad and Tobago 


UA 


Ukraine 


US 


United States of Ame 


uz 


Uzbekistan 


VN 


Viet Nam 



WO 95/04881 



PCT/GB94/01487 



- 1 - 



A FUEL INJECTOR 



This invention relates to nozzles for providing 
fine atomisation of liquids expelled therethrough, and more 
5 particularly to nozzles used for atomising fuel before 
injection into an internal combustion engine. 



Stringent emission standards for internal 
combustion engines suggest the use of advanced fuel metering 
10 techniques that provide extremely small fuel droplets. The 
fine atomisation of the fuel not only improves emission 
quality of the exhaust, but also improves the cold start 
capabilities, fuel consumption and performance. 

Smaller fuel droplets generally are dispersed over 
15 a larger area and therefore have greater volumes of 

surrounding air as required to complete the combustion 
process. Smaller fuel droplets also promote a more 
homogeneous mixture of fuel and air, which in turn provides 
a faster, more complete combustion process. This improved 
20 combustion process reduces hydrocarbon (HC) and carbon 
monoxide (CO) emissions which are generally caused by 
localised high fuel to air ratios resulting from 
heterogeneous injector sprays. 

Also, under cold start conditions, smaller fuel 
25 droplets allow the use of smaller quantities of fuel in the 
cold start procedure, thereby greatly reducing the HC and CO 
emissions. If the fuel can be made to vaporise more 
quickly, the air/fuel mixture favourable for ignition will 
develop more quickly and the engine will start sooner, 
3 0 thereby reducing the uncombusted and incompletely combusted 
fuel/air mixture. 

As an example of micromachined devices that are 
used for atomising liquids, U.S. Patent 4,828,184 discloses 
the use of silicon plates having openings for metering the 
35 fuel flow. A first opening in a first silicon plate is 
offset from a second opening in a second silicon plate 
juxtaposed with the first silicon plate. The area between 
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the first and second openings has a reduced thickness so as 
to form a shear gap for accelerating the flow of the fuel, 
through opposing shear gaps in a direction substantially 
parallel to plane of the first and second plates. Such 
5 shear flow causes turbulence and fluid dispersion advantages 
for atomising the fuel before it is propelled into the 
combustion chamber of an internal combustion engine. 

A method for improving the atomisation quality from 
10 a fluid injector, includes the steps of inducing a first 

turbulence in the fluid flowing past a first protrusion in a 
supply orifice having a flow axis therein, guiding the fluid 
through a turbulence cavity and then out through a first 
metering orifice having another protrusion positioned 
15 downstream from the first protrusion by a distance y 
measured generally parallel to the flow axis and by a 
distance x measured generally perpendicular to the flow 
axis, and minimising the droplet size of the fluid exiting 
from the metering orifice by maintaining the x/y ratio 

2 0 greater than 0.5. 

A second turbulence may be induced in the fluid 
adjacent the metering orifice for enhancing the atomisation 
of the fluid. 

A fuel injector nozzle practising this process 
25 includes a supply plate having an input orifice that 

includes a first turbulence generator adjacent a downstream 
section of the supply orifice. A metering plate is provided 
downstream from the supply plate and includes at least one 
metering orifice for regulating the flow of the atomised 

3 0 fuel therethrough. The metering plate also includes a 

second turbulence generator adjacent an upstream section for 
interacting with the turbulent fuel downstream of the first 
turbulence generator. The mean diameter of the atomised 
fuel is minimised when the lateral offset of the turbulence 
35 generators in the supply orifice and the metering orifice is 
at least greater than half the vertical offset between the 
two turbulence generators. 
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A nozzle embodying the present invention may be 
fabricated using silicon micromachine, selective metal 
etching, or conventional metal machining techniques and 
produces a fluid flow of high velocity, and relatively small 
diameter fuel droplets. 

A structure and process embodying the invention 
introduce turbulent flow at the optimum location in an 
atomising nozzle so as to minimise the size of atomised 
droplets of liquid. 



10 



The invention will now be described further, by way 
of example, with reference to the accompanying drawings, in 
which: 

Figure 1 illustrates a simplified frontal 
15 cross-section view of an automotive fuel injector of the 

type that may be used in conjunction with the present 
invention. 

Figure 2 illustrates a frontal sectioned view of a 
first preferred embodiment of the injector nozzle in 
2 0 accordance with the present invention. Figures 2a, 2b 

and 2c illustrate the top, frontal sectioned, and bottom 
views of the nozzle of Figure 2 . 

Figure 3 illustrates an alternate embodiment having 
a different height for the turbulent cavity in the 
25 nozzle in accordance with the present invention. 

Figure 4 illustrates an alternate, non-preferred 
embodiment of the nozzle in accordance with the present 
invention . 

Figure 5 illustrates a simplified hypothetical 
30 representation of possible fluid flow lines showing 

turbulence and eddies within the fuel injector and 
nozzle in accordance with the present invention. 

Figure 6 is a graphical representation of the 
Sauter Mean Diameter (SMD) of the injector spray fuel 
35 droplets as a function of the x-y variables. The x 

value is a variable which is varied from -200 to +300 ^xm 
for each of the three different y values. 
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. Figures 7 is a graphical representation of the cone 
angle of the injector spray fuel droplets as a function 
of the x-y variables. The x value is a variable which 
is varied from -200 to +300 Jim for each of the three 

5 different y values. 

Figures 8 is a graphical representation of the cone 
angle of the injector spray fuel droplets as a function 
of the x-y variables. The x value is a variable which 
is varied from -2 00 to +3 0 0 (am for each of the three 

10 different y values. 

It is well known that supplying energy to a fluid 
may improve the atomisation of liquid jets flowing from an 
exhaust orifice. Energy may be added by several well known 
15 means, including ultrasonic, heat, pumped air, laser, etc. 
In contrast to these prior art teachings, the present 
invention introduces energy into the liquid through the 
development of turbulent eddies upstream of the orifice 
plate in the tip of the fuel injector. 

2 0 A turbulent flow condition in a fluid flowing 

through a confined area can be created in three possible 
ways. First, the rapid fluid flow past a solid wall can 
lead to unstable, self -amplifying velocity fluctuations. 
These fluctuations form near the wall and then spread into 
25 the remainder of the internal fluid flow or stream. Second, 
velocity gradients between a fast moving fluid stream and a 
slow moving fluid stream can produce turbulent eddies. 
Third, fluid flow past a solid body or sharp angularity in 
the internal flow causes eddies to set-up in the wake of the 

3 0 body. This is the primary mechanism which will be 

implemented in the present invention. 

In such cases turbulent flow arises from some 
instability which is present in laminar flows at high 
Reynolds Numbers. The transition to turbulence is usually 
35 initiated by an instability which is two dimensional in 

simple cases. These two dimensional instabilities produce 
secondary motions, not parallel to the mean fluid flow, 
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which are three dimensional and also unstable. These three 
dimensional instabilities are formed locally and when 
several local three dimensional instabilities interact, a 
large turbulent field is produced. 
5 Fluids flowing past a solid object that produces 

turbulence can be described with regard to several common 
characteristics. Turbulent flows are very random and 
irregular. Turbulent flows exhibit diffusivity of 
turbulence which promotes mixing, and increases momentum, 
10 heat and mass transfer rates. A flow is not turbulent 
unless velocity fluctuations are present throughout the 
field. Turbulent flows usually originate due to some 
instability in laminar flow, but turbulent flows are always 
created at high Reynolds Numbers . Turbulence is both three 
15 dimensional and rotational, therefore creating vortices. 

Vortex stretching is the phenomenon which causes turbulence 
to be three dimensional. Without vortex stretching, there 
would be no fluctuation of the eddies and the eddies would 
therefore be two dimensional and non- turbulent . 
20 Kinetic energy of the turbulent flow dissipates 

into internal energy contained in the fluid due to the 
viscous shear stresses on the fluid. For this reason, 
turbulence cannot sustain itself and needs a continual 
supply of external energy to maintain structure. Large 
25 eddies are located in the centre of the flow. These large 
eddies turn into small eddies as the wall is approached, and 
kinetic energy of the smaller eddies is dissipated into 
thermal energy at the wall. Turbulent flow is a continuum, 
wherein no section of the turbulent flow can be readily 
3 0 distinguished from its neighbouring section. 

When fluid flows in a pipe under turbulent 
conditions, smaller eddies form near the wall due to strong 
velocity gradients tearing the fluid. Vortex shedding at 
angularities (sharp corners) can induce strong Eddie 
35 currents at Reynolds Numbers as low as 300-400. The 

sharpness of these angularities is very important, since 
eddies are shed much more readily from sharp corners then 
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from smooth ones . Sharp corners having included angles of 
approximately 90 degrees or less are preferred.. 

The present invention will utilise these physical 
phenomenon relating to turbulence generators in order to 
5 induce additional energy into fluid flowing past a 

protruding object. The energy introduced in the fluid will 
be isolated and then utilised in order to promote the fine 
atomisation of the fluid as it is metered and then ejected 
from an orifice. 
10 A simplified fuel injector element is illustrated 

in Figure 1 and designated by the reference numeral 100. 
The fuel injector includes a nozzle element that comprises 
an orifice plate or metering plate 12 attached to a 
turbulence generator 14 , both of which are compressed 
15 between the injector body 16 and a flow element tip washer 
18. In turn, these elements are compressed between a flow 
element tip 20 and a injector body 16. A circumferential 
washer 22 seals the flow element tip washer 18 to the flow 
tip 20, and the injector body 16 is restrained within the 
20 flow element 26. The injector illustrated in Figure 1 is a 
test fixture utilised to simulate an actual nozzle and fluid 
flow therefrom. While the illustrated test fixture was used 
in the development of the present invention and the data 
presented herein, other fuel injector designs may be used in 
25 production embodiments. For example, the test fixture form 
of the fuel injector element 30 is illustrated as having a 
truncated distended end 31, which may or may not be used in 
a production embodiment . 

As illustrated in Figure 2, a first preferred 
30 embodiment the nozzle element 110 comprises a turbulence 

generator plate 14 0 and an exhaust orifice plate or metering 
plate 120. The compound silicon micromachined orifice 
plates can be manufactured from silicon wafers using well 
known semiconductor processing techniques, with one plate 
35 being bonded to the top of the other. The top silicon 
orifice plate mimics the turbulence generator 14 and the 
bottom silicon orifice plate mimics the metering plate 12. 
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Figure 2a illustrates a top view and Figure 2c illustrates a 
bottom view of the nozzle shown in Figure 2 and 2b. Even 
though the supply and metering orifices illustrated in 
Figures 2a, 2b and 2c are shown as being rectangular, they 
5 may also have other shapes without departing from the basic 
teachings of the present invention. 

While the preferred embodiment of the present 
invention has been illustrated as being constructed from 
silicon wafers, the invention may also be constructed of 
10 various metal plates, including stainless steel and various 
laminate materials having differential etch rates (e.g. 
copper-nickel, nickel-stainless), without departing from the 
teachings of the invention. However, the silicon 
construction is preferred because of the processing 
15 capability to maintain 10 micron alignment accuracy and to 
achieve sharp acute angles at the edges of the operative 
orifices. 

Figure 3 illustrates another preferred embodiment 
of the compound orifice plate having different x and y 

20 dimensions as compared with the plate illustrated in Figure 
2. In Figure 3 the position of the corner turbulence 
generator 142 is moved between positions a, b and c to 
illustrate the x variable adjustment in accordance with the 
present invention. The importance of the x and y dimensions 

25 for each of the elements in the plate will be discussed 
subsequently . 

With reference to Figure 2, turbulent eddies may be 
formed in a turbulence cavity 160 defined between the 
metering plate 120 and the turbulence generator plate 140 

30 due to the acute edges 141 and 142 on the turbulence 
generator plate 140. These eddies greatly aid in the 
breaking up of the liquid into droplets. With additional 
reference to Figure 5, the location of the eddies is 
critical in the atomisation process of the liquid. If the 

3 5 Eddie El can be forced to reside directly above the metering 
orifice 124 in the metering plate 120, the atomisation 
should be greatly enhanced. As the size of the turbulence 
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/ 

generator orifice 144 increases, the edge 141 of the orifice 
will approach the edge of the metering orifice 124 (or 134) 
in the metering plate 120, 

As illustrated in Figure 3, as the effective 
5 diameter of the turbulence generator orifice 144 increases 
from positions a to b to c, the edge 142 of the orifice 144 
approaches the centre of the exhaust orifice 134 in the 
metering plate 12 0. In this manner the Eddie E2 as 
illustrated in Figure 5 is moved outwardly from the supply 
10 orifice 144. At some point the Eddie E2 is no longer above 
the metering orifice 134 in the lower metering plate 120. 
It is this relationship between the two orifices 144 and 134 
(or 144 and 124) and the location of the resultant eddies El 
and E2 that determines the SMD of the spray droplets. 
15 The creation of turbulence in the turbulence cavity 

160 upstream of the metering plate 120 results in a dramatic 
improvement, that is a significant reduction, in the SMD of 
the spray emitted from the exhaust or metering orifices 124 
and 134 . A high Reynolds Number is not necessary to 
20 achieve good atomisation. However, the flow must not be 
overly restricted, thereby creating a very low Reynolds 
Number, since the restricted flow does not result in a lower 
SMD. 

Of the turbulence generators tested, the single 
25 orifice generators were the most effective because they did 
not restrict the flow of fluid as much as a multiple orifice 
generator at the same flow rate capability. This geometry 
results in a higher fluid velocity and more energy contained 
in the eddies. The location of the eddies, as previously 
30 discussed, is critical in that if the eddies are placed 

outside of the metering orifices in the lower plate, the SMD 
of the atomised fluid droplets tends to increase. 

With reference to Figures 2 and 3, the dimension x 
is defined as the horizontal distance between the acute 
35 angled edge 141 (or 142) of the supply orifice 144 in the 

upper plate 140 and the acute angle edge 121 (or 122) of the 
corresponding exhaust or metering orifice 124 (or 134) in 
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/ 



the lower metering plate 120. While both edges are 
illustrated with the preferred acute angle, the principles 
of the present invention also work well with edges up to and 
including an included angle of approximately 90 degrees, as 
5 long .as the edge is designed to create an effective eddy 
within the downstream section of the flow. 



turbulence cavity 160 defined between the upper orifice 
plate 140 and the lower metering plate 120. When the edge 

10 141 of the upper orifice 144 lines up directly with the edge 
121 of the exhaust orifice 124 in the metering plate 120, 
the x/y ratio will equal zero. As the supply orifice 144 in 
the upper plate 14 0 is reduced in size, the edge 141 moves 
inwardly, and the x/y ratio becomes more positive. As the 

15 supply orifice 144 in the upper plate 140 becomes larger, 

the outer edge 141 moves outwardly (away from a central axis 
of the injector), and after the x dimension passes below 
zero the x/y ratio becomes negative. Figure 4 illustrates 
the position of the edges 121 and 141 in a non-preferred 

20 embodiment of a nozzle having a negative x/y ratio. 



measurements can be taken along the centre line of the 
supply orifice 144, approximately three inches downstream 
from the injector tip. With the fuel pressure remaining 

25 constant at 40 psi, and with a constant Stoddard fluid 

temperature of 70 °F, the plot of Figure 6 illustrates the 
Sauter Mean Diameter (SMD) of the injector spray as a 
function of the x/y ratio. As can be seen, as the x/y ratio 
increases from -2 toward 0.5, the resulting SMD of the 

30 spray decreases . The SMD decreases dramatically up to an 
x/y ratio value of 0.5, and then no significant improvement 
is apparent for x/y ratios beyond 0.5. Therefore, in order 
to create the optimum or smallest atomisation for given 
aperture sizes, the relative separation distance between the 

35 supply orifice 144 in the upper plate 144 and the exhaust 

orifice 124 (and 134) in the lower metering plate 120 should 
be at least one-half the gap height. 



The y dimension is defined as the gap height of the 



Given this definition of the x/y ratio, 
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This result is predicted from the hypothetical 
discussion of the location of the eddies as previously 
discussed. At x/y equals 0.5, the eddies El and E2 which 
were created by the sharp corners 141 and 142 in the upper 
5 orifice 144 are located in the optimal position above the 
metering orifices 124 and 134 in the lower metering plate 
120 as illustrated more clearly in Figure 5. This results 
in the lower SMD of the spray shown in Figure 6 . As the 
sharp corner 141 of the upper orifice 144 is moved outside 
10 of the metering orifice 124 in the lower plate 120, that is 
in a negative y direction, the Eddie El becomes less 
effective and the atomisation size of the resulting droplets 
increases. As a result of experimentation, the optimum 
orifice plate geometry was produced with an SMD of 53 
15 microns, a flow rate of 6.3 7 litres per hour, producing a 
cone angle of 41° with an x/y ratio of 4.0. This SMD of 53 
microns is approximately 62% smaller than the SMD produced 
by a base line SMM injector (approximately 14 0 microns) . 

Another visible trend in Figure 6 is that of the 
20 gap height y in relation to the SMD of the spray. As the 
gap height y decreases, the SMD decreases for a given value 
of the x/y ratio. If this result is extrapolated, then the 
smaller the gap height y becomes, the smaller the SMD of 
spray will become. This may be explained in one of several 
25 ways. First, the exhaust droplets may become smaller 
because they are being forced through a smaller opening, 
thus creating shear forces on a larger surface area of the 
fluid. Another explanation may be that the eddies which are 
formed by the sharp corners of the supply orifice are being 
30 moved closer to the exhaust orifices in the metering plate, 
causing more random motion immediately above the metering 
orifices. This would put more energy into the fluid 
immediately above the exhaust orifices, which in turn 
provides a better atomisation of the liquid. 
35 In general terms, it may be concluded that as the 

x/y ratio increases, the flow rate generally decreases. As 
the x/y increases, an increased restriction to the flow of 
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the fluid results. When the x/y ratio is highly -negative, 
the supply orifice in the upper plate completely exposes the 
exhaust orifices in the lower metering plate, thus causing 
no restriction to the fluid flow. As the x/y ratio 
5 increases further, the supply orifice size is reduced for a 
constant gap height, and the exhaust orifices in the 
metering plate begin to be covered up so that the fluid must 
turn a sharp corner as it exits the metering orifices in the 
lower plate. Therefore, as the x/y ratio increases, the 
10 flow rate decreases. 

Figure 7 is a plot of the cone angle, which is 
defined as the angle of the spray with respect to the axis 
of the supply orifice, for the injector spray versus the x/y 
ratio. The trends are similar for all of the curves for the 
15 selected test geometry. As the x/y ratio increases, the 
cone angle of the spray from the metering orifice also 
increases. This can be explained by the fluid turning the 
sharp corner of the supply orifice in the upper plate. When 
the x/y ratio is highly negative, the exhaust orifices in 
20 the metering plate are completely exposed to fluid and the 
fluid may flow directly through the metering orifices. All 
of the motion then is in the vertical direction through both 
orifices. However, as the x/y ratio becomes more positive 
and the flow is restricted, the fluid must turn the corner 
25 in the supply orifice, thus producing fluid momentum in the 
horizontal direction. It is this horizontal momentum that 
creates the enlarged cone angle. As with the droplet size 
curve shown in Figure 6, the cone angle appears to reach a 
maximum at an x/y ratio approximating 0.5, and remains 
30 relatively constant as the x/y ratio increases beyond this 
value . 

With continuing reference to Figure 7, it is 
apparent that the cone angle changes as a function of the 
height y of the turbulence cavity. However, the cone angle 
3 5 does change as a function of the gap height y. Figure 8 is 
a plot of cone angle of the injector spray versus the SMD of 
the spray. It is apparent that as the cone angle is 
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reduced, the SMD of the spray increases. As the cone angle 
is reduced by increasing the size of the supply orifice in 
the upper plate, thereby causing the x/y ratio to become 
more negative, the SMD of the spray becomes larger. Thus/ 
5 as a general rule, as the cone angle increases, the size of 
the droplets in the spray decreases . This corresponds to 
the fluid being spread over a larger area. 

It is also apparent that as the fuel pressure 
increases, the droplet size decreases. This is predictable 
10 since more energy is being forced into the liquid, creating 
higher velocities and therefore high viscous shear forces, 
which provides more energy to break up the liquid and 
enhance the atomisation. 

Under dynamic pulsing conditions similar to those 
15 actually encountered in the operation of an internal 

combustion engine, it can be observed that the SMD of the 
fluid droplets is smaller in all sections of the spray 
pulse. The distribution of the droplets within the pulse is 
also much more uniform when utilising the geometries 
20 illustrated in Figures 2 and 3. 

Therefore, the x/y ratio parameter is a key design 
parameter for the compound orifice plate nozzle. As long as 
the x/y ratio equals or exceeds 0.5, the exhaust spray will 
exhibit the minimum Sauter Mean Diameter, with minimal 
25 variation in cone angle and an adequate flow rate. If 
smaller cone angle is desired, a compound orifice plate 
having a 200 micron gap can deliver relatively small 
droplets in the 8 0 micron range with a 15-23° cone angle. 

While the supply and metering orifices have been 
3 0 illustrated and discussed as having generally square shapes 
in the preferred embodiments, similar results can be 
obtained using orifices having other shapes, such as 
rectangular, parallelogram, circular, elliptical, etc., 
without departing from the teachings of the present 
35 invention. The exact measurement of the x and y dimensions 
and the optimum x/y ratio may change slightly depending on 
the exact shapes and sizes of the orifices. 
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CLAIMS 



1. A method for improving the atomisation 
quality from a fluid injector, comprising the steps of: 
5 (a) inducing a first turbulence in the fluid 

flowing past a first protrusion in a supply orifice (144) 
having a flow axis therein, 

(b) guiding the fluid through a turbulence cavity 
(160) and then out through a first metering orifice 

10 (124,134) having another protrusion positioned downstream 

from the first protrusion by a distance y measured generally 
parallel to the flow axis and by a distance x measured 
generally perpendicular to the flow axis, and 

(c) minimising the droplet size of the fluid 

15 exiting from the metering orifice (124,134) by maintaining 
the x/y ratio greater than 0.5. 

2. A method as claimed in claim 1, wherein step 
a includes the step of inducing the first turbulence by 

20 inserting a first sharp edge protrusion of less than 90° 
included angle into the flow of the fluid. 

3. A method as claimed in claim 2, wherein step 
b includes the step of inducing a second turbulence in the 

25 fluid adjacent the metering orifice for enhancing the 
atomisation of the fluid. 

4. A method as claimed in claim 3, wherein the 
second turbulence is induced by guiding the fluid over a 

30 second sharp edge protrusion of less than 90° included angle 
located adjacent the metering orifice. 

5. A method as claimed in claim 4, wherein step 
c further includes the step of positioning the first 

35 turbulence within the turbulence cavity and immediately 

adjacent to and upstream in the fluid flow from the metering 
orifice . 
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6. A method as claimed in claim 1, wherein step 
c includes the step of maintaining the x/y ratio to be 
greater than 0.5 but less than 5, whereby the Sauter Mean 
Diameter of the fluid exiting through the metering orifice 

5 is less than approximately 75 microns for gasoline. 

7. A method as claimed in claim 6, wherein step 
c includes the step of maintaining the x/y ratio to be less 
than 2 . 

10 

8. A method as claimed in claim 1, wherein step 
(a) includes the substep of flowing the fluid through a 
supply orifice in a plate, and wherein step (b) includes the 
substep of flowing the fluid through a metering orifice in a 

15 second plate juxtaposed and generally coplanar with the 
first plate so as to define the turbulence cavity 
therebetween. 

9 . An apparatus for improving the atomisation 
20 quality of fuel flowing from a fuel injector of the type 

used in the fuel system of an internal combustion engine, 
comprising: 

a first body (14 0) defining therein a supply 
orifice (144) through which the fuel flows generally along a 

25 supply axis, said first body (140) including first 

turbulence means adjacent a downstream section of said 
supply orifice (144) for inducing turbulence in the fuel 
f 1 owing t he r e t hr ough , 

a second body (12 0) including therein at least one 

30 metering orifice (124,134) through which the fuel flows out 
generally along an exhaust axis, with said second body (120) 
coupled to said first body (140) for defining therebetween a 
turbulence cavity (160) having said supply and metering 
orifices (144,124,134) opening thereinto, with said second 

35 body (120) and said metering orifice (124 , 134 ) further 

defining a protrusion positioned downstream from said first 
turbulence means (14 0) by a distance y measured generally 
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parallel to the supply axis and by a distance x measured 
generally transverse to the supply axis, 

with the ratio of x/y being greater than 0.5 for 
minimising the Sauter Mean Diameter of atomised fuel ejected 
5 from said metering orifice. 

10. An apparatus as claimed in claim 9, wherein 
said first turbulence means comprises a first acute edge 
formed in said first body, with said acute edge having an 
10 included angle of less than 90° protruding into the fuel 
flow. 



11. An apparatus as claimed in claim 10, wherein 
said first acute edge comprises a distended circumferential 

!5 lip section of said first body defining a narrowed 
cross-section of said supply orifice. 

12. An apparatus as claimed in claim 9, wherein 
with said protrusion of said second body further comprises 

2 0 second turbulence means adjacent an upstream section of said 
metering orifice for inducing additional turbulence in the 
fuel flowing therethrough. 

13. An apparatus as claimed in claim 12, wherein 
25 said second turbulence means comprises a second acute edge 

of said metering orifice formed by said second body and 
having an included angle of less than 90° protruding into 
the fuel flow. 

30 14. An apparatus as claimed in claim 13, wherein 

said second acute edge defining at least a part of said 
metering orifice comprises a distended circumferential lip 
section of said second body defining a narrowed neck section 
of said metering orifice. 



35 



15. An apparatus as claimed in claim 12, wherein 
said first turbulence means comprises an acute edge in a 
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circumferential lip section of said first body for defining 
a generally rectangular neck section of said supply orifice 
therein, and wherein said second turbulence means comprises 
an acute edge in a circumferential lip section of said 
5 second body for defining a generally rectangular neck 
section of said metering orifice therein. 

16. An apparatus as claimed in claim 15, wherein 
said x distance is measured from said distended end of said 

10 circumferential lip section of said first body to said 

distended end of an adjacent section of said circumferential 
lip of said second body. 

17. An apparatus as claimed in claim 12, wherein 
15 said first body comprises a first silicon plate and said 

second body comprises a second silicon plate sealed thereto. 

18. An apparatus as claimed in claim 17, wherein 
said at least one metering orifice is offset from said 

2 0 supply axis so as to not to be coextensive at any point with 
said supply orifice. 



19. A nozzle for improving the atomisation 
quality of fuel flowing from a fuel injector toward the 
25 combustion chamber of an internal combustion engine, 
comprising: 

a supply plate having a supply orifice through 
which the fuel flows therethrough, said supply plate further 
including a circumferential lip section having an acute 

30 angle of less than 90° for defining a narrowed, generally 
rectangular section of said supply orifice for generating 
downstream turbulence in the fuel flowing adjacent thereto, 
a metering plate coupled to said supply plate for 
defining a turbulence cavity therebetween for containing 

3 5 therein at least a portion of said downstream turbulence 
from said supply plate, said metering plate including 
therein at least one metering orifice coupled to said 
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turbulence cavity through which the fuel is expelled, with 
said metering plate further including a circumferential lip 
section having an acute angle of less than 90° for defining 
a narrowed, generally rectangular section of said metering 
5 orifice adjacent said turbulence cavity for generating 
downstream turbulence in the fuel flowing adjacent 
therethrough, with a section of said metering plate adjacent 
said metering orifice sized so as to block the axial flow of 
fuel from said supply orifice, and 
10 with one edge of said circumferential lip of said 

metering plate being offset from an adjacent and generally 
parallel edge of said circumferential lip of said supply 
plate in the direction of fluid flow in said supply orifice 
by a distance y and offset in a direction generally 
15 perpendicular to the direction of fluid flow in said supply 
orifice by a distance x, with the ratio of x/y being greater 
than 0.5 and less than 5 for minimising the Sauder mean 
diameter of atomised fuel ejected from said exhaust orifice. 

20 20. A nozzle as claimed in claim 19, wherein said 

metering plate further includes therethrough a plurality of 
metering orifices arranged so as to define the circumference 
of a central area juxtaposed with and sized so as to cover 
said supply orifice in said supply plate. 

25 
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